The growth factors and minor metallic elements required for the best development of the crown-gall organism, Phytomona8 tumefaciens (Smith and Town.) Bergey et al., have been examined in contimuing studies on its nutrition. The importance of sources of nitrogen and carbon and certain physical chemical factors has been shown by several investigators (e.g., Sagen et al., 1934 al., , Pinckard, 1935 . They worked mostly with media containing animal or plant extracts which doubtless supplied the materials that were necessary only in minute quantities. With a suitable synthetic medium (Van Lanen, Baldwin and Riker, unpublished) and an adequate means of growing the cultures so as to secure reproducible results (McIntire, Peterson and Riker, 1940 ) the way was opened to study various growth-stimulating factors and their synthesis by these bacteria.
1-liter Erlenmeyer flasks, also fitted with extension necks and airfilter tissue, were aerated by mechanical shaking.
The data are representative of at least three experiments, unless otherwise specified.
Each 10 ml. culture was inoculated with 1 ml. of a washed cell suspension containing about 5,000 cells (by plate count) taken from a 24-hour growth on yeast-water-mannitol agar. Some of the 200 ml. cultures received a proportionately larger inoculum of washed cells and others received a 2' per cent inoculum of 24-hour liquid culture. Incubation was at 26 t 1°C.
The growth in cultures of types (1) and (2) was measured by determining turbidity with the Evelyn photoelectric colorimeter after about 48 hours incubation. In cultures of type (3) growth was estimated by determining the amount of sugar fermented in 4 days. Sugar analyses were made by the method of Stiles, Peterson, and Fred (1926) .
Carbon dioxide produced was determined by the difference in total carbon between the beginning and the end of the experiment, since it is the only volatile metabolic product. Gum and cells were precipitated by adding 4 volumes of 95 per cent alcohol; the precipitate was collected by centrifuging and washed twice with 4: 1 alcohol. For carbon analysis, the precipitate was dried in a vacuum desiccator; for nitrogen, ammonia was removed by suspending the precipitate in 2 per cent sodium carbonate solution and evaporating to dryness at reduced pressure. Carbon was determined by the method of Heck (1929) In an attempt to show whether any of the well-defined bacterial growth factors were responsible for the stimulative effect of yeast extract, various known compounds were tested singly and in groups. Thiamin, riboflavin, pantothenic acid, nicotinic acid, biotin, pimelic acid, inositol, glutamine, and vitamin B. were tried. None of these was stimulative alone. Either thiamin or riboflavin with pantothenic acid gave a slight stimulation. These three together gave more stimulation than either pair, and the effect was consistent and appreciable (table 1 ). Other growth factors tested showed no consistent stimulative effects when added either alone or in various combinations with thiamin, riboflavin, According to Van Lanen, Baldwin and Riker, (1940) a number of amino acids were stimulative to this organism at low concentrations but when used at higher concentrations some were stimulative, e.g., aspartic acid, and others were toxic, e.g., alanine.
Growth stimulation probably could not be attributed to reducing substances in the supplements, since in no case was the oxidation-reduction potential of the medium appreciably altered. Lowering the oxidation-reduction potential by adding various amounts of sodium thioglycollate had no effect.
Following these results with growth factors, studies were made in two directions, viz., (1) whether the bacteria are able to synthesize necessary growth factors in a synthetic medium, and (2) whether inorganic substances have a stimulating effect.
Synthesis of growth factors by P. tumefacienm The fact that a few washed cells of P. tumefaciens will grow in a synthetic medium suggests that this organism has the ability to synthesize its own growth factors. This was studied in regard to biotin, pantothenic acid, riboflavin, and thiamin. The data of table 2 show that considerable quantities of these factors were produced when the organism was grown in the synthetic medium. The synthesis of biotin is very striking. Its concentration in composite samples from different groups of 4-day-old cultures was from 3500 to 6300 times that reported by Peterson et al. (1940) A very small inoculum of this organism has given good growth in a medium containing only ammonium sulphate, nutrient salts, phosphate buffer, and highly purified sugar.
Stimulation by inorganic materials Since the organic constituents of yeast extract which were tested accounted for only part of its stimulative action, the inorganic material in the extract was investigated. Figure 1 shows the relative effects of yeast extract and ash from the same amount of extract.
To account for this effect several metallic elements which might occur in yeast ash were tested, namely, iron, copper, manganese, and zinc. Of these, iron, manganese, and zinc were stimulative at proper concentrations ( fig. 1) In 48-hour cultures stimulation by manganese was observed in about 100 per cent of the trials when iron also was added but when manganese was added alone the results were irregular. In older cultures the stimulation by manganese was always obtained, even without added iron. This suggests that the stimulation by manganese may be limited by a lack of materials which may be syn-thesized by the organism and whose synthesis is accelerated by the addition of iron.
The stimulative effect of iron was obtained regularly regardless of whether manganese and zinc were added.
A comparison of optimum concentrations of these metals for the crown-gall organism and the diphtheria organism (Mueller, 1938) shows that the former requires more iron and less manganese. The results agree with those of Thorne and Walker (1936) for rhizobia in the optimum concentration of iron and the superiority of ferric over ferrous iron.
Copper gave no detectable stimulation in a wide range of concentrations. This does not indicate that the organism does not require copper, since the basal medium undoubtedly contained traces of this metal.
As shown in figure 1 , the stimulation by iron, manganese, and zinc together is of about the same order as that of yeast extract. Yeast ash plus iron and manganese is no more stimulative than just iron and manganese, which indicates that the other inorganic constituents of yeast extract either are not required or are present in sufficient quantities in the basal medium. However, yeast extract plus iron, manganese, and zinc is more stimulative than the three metals alone. This indicates that the organic material in yeast is stimulative even though the medium contains optimum concentrations of the inorganic materials. The data of table 1 suggest that amino acids, thiamin, riboflavin, and pantothenic acid are important in this effect.
The influence of iron, manganese, and zinc on the products of metabolism Studies with various molds have shown that their metabolism may be altered by the presence of optimum concentrations of various metallic elements, especially zinc (Foster, 1939) . The possibility of such effects with the crown-gall organism was therefore investigated and representative data are given in table 4. In contrast to its influence on certain molds, zinc had no noticeable effect on the metabolism of the crown-gall organism. Iron increased growth but had no apparent effect on the products of metabolism. Manganese induced very marked quantitative (perhaps even qualitative) changes in the metabolism of this organism. Besides increasing the sugar fermentation, manganese produced roughly a 100 per cent increase in the percentage of fermented sugar converted to gum and cells with a corresponding decrease in the amount of unidentified products. Thus, when TABLE 4 The effect of iron, manganese, and zinc on the metabolism of the crown-gall organism* manganese was added to the basal medium the amount of sugar fermented was increased to about 2-fold while the amount of guim and cells produced was increased to about 4-fold. There was no appreciable change in carbon dioxide production. The carbon and nitrogen analyses indicate that the C/N ratio in the gum and cell fraction remained reasonably constant. Since there is no nitrogen in the gum (Conner et al., 1937) 
SUMMARY
Iron, manganese, and zinc are important in the nutrition of the crown-gall organism. This organism will grow very well in a simple synthetic medium containing proper amounts of these elements. Growth in this medium could be increased only moderately by the addition of yeast extract. Evidence presented indicates that the stimulation by organic material in yeast extract may be attributed to thiamin, riboflavin, pantothenic acid, and amino acids.
This organism was shown to synthesize unusually large quantities of biotin, large amounts of riboflavin, and moderate amounts of thiamin and pantothenic acid. It also apparently synthesizes any other such factors necessary for its growth in the synthetic medium. This character needs consideration in relation to the cell-stimulating property of these bacteria.
Supplementing the synthetic medium with manganese had very interesting effects upon the carbon metabolism: The rate of sugar fermentation was increased. The percentage of fermented sugar converted to gum and cells was increased. Less fermented sugar was accounted for as unidentified products.
